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Organic  and  many  ‘low  input’  production  standards  for pigs  require  outdoor  access,  and as  a  consequence
expose  the animals  to  a wide  range  of potential  endo-  and ectoparasite  infection  sources.  Conventional





standards.  The  present  paper  investigates  the  potential  of  prevention  of  infection  through  better  hygiene.
Attempts  were  made  to break  the  infection  cycle  through  thorough  pen  cleaning  10  weeks  after  the  pigs
had  been  introduced  to the  pen.  Although  pen  fouling  can  be  reduced,  the  level  of  roundworm  (Ascaris
suum)  infection  was  not  reduced.  Regular  deworming  with  conventional  medication  is  still  required  in
addition  to good  hygiene.
 Royaigs © 2011
. Introduction
In organic pig production systems high priority is given to ani-
al  health and animal welfare, e.g., possibilities of expressing
atural behaviour [1].  Most conventional production systems in
oultry and pigs keep animals indoors during their whole lifespan,
hereas one of the components in organic farming is giving the
nimals outdoor access. However, apart from the beneﬁts for ani-
al  welfare, there is a risk of parasitic infections outdoors [2–6].
or many parasite species it is difﬁcult if not impossible to com-
lete their life cycle in indoor conventional production systems,
articularly if an intermediate host is involved in the parasite’s life
ycle. Conventional indoor systems offer also more opportunities
or hygienic measures. So speciﬁc strategies need to be developed
or parasite control in organic pigs [7].
Parasite problems in outdoor production systems may  be
ontrolled by frequent use of antiparasitic drugs, but avoiding
nnecessary use of medicines is another goal of organic farming
8]. The aim of the QLIF (Quality Low Input Food) project to which
his special issue is devoted was to investigate alternative strate-
ies for prevention and treatment of parasitic infections in poultry
nd pigs. These alternative strategies included (1) designing and
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maintaining poultry and pig pens to accommodate behaviour, (2)
speciﬁc management strategies to prevent or diminish infections,
(3) providing the right diet to combat endoparasites in pigs, and (4)
cure through herbal treatment in pigs. The present paper focuses on
the research with pigs and deals with the results of the studies on
the effect of strategic cleaning of pens to reduce Ascaris suum trans-
mission in organic growing/slaughter pigs as measured by faecal
egg output and liver condemnation.
2. Material and methods
Four replicate studies were carried out at the Organic Pig
Research Centre, Raalte, The Netherlands. Eight pens were used
with 14–16 pigs each (Table 1). Studies 2–4 were performed in dif-
ferent periods, but in the same pens, whereas Study 1 was carried
out in an adjacent building at the same facility. The pens of Study
1 had never been used before for studies with A. suum, but the
pens used for Studies 2–4 had been used in earlier studies on dung-
ing behaviour and had been artiﬁcially contaminated with A. suum
eggs. In accordance with organic farming regulations, minimum
areas available per pig were 1.3 m2 indoors and 1.0 m2 outdoors. In
each study, 6 randomly selected pigs per pen were orally infected
with 1000 A. suum eggs. The dose of 1000 eggs was chosen on the
basis of literature data [9–12] and meant to cause a sub-clinical
infection to ensure seeding the environment with eggs. The infec-
tion material was obtained by embryonation for 5 weeks at 27 ◦C
of eggs collected from female worms at a slaughterhouse. Under
es. Published by Elsevier B.V. All rights reserved.
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Table 1
Details of the four studies.
Study number Pen numbers No. of pigs/pen No. of pigs infected Date of infection Pen numbers cleaned after 10 weeks
1 1–8 14 6 01.08.06 2 – 3 – 6 – 7
2 1–8 14 6 21.08.06 1 – 2 – 5 – 8
3 1–8  15 6 08.05.07 3 – 4 – 7 – 8
4  1–8 16 6 20.09.07 1 – 4 – 5 – 6
Table 2
Cumulative number of pigs with Ascaris suum eggs in the faeces in each pen of Studies 2–4.
Day Study 2 (n = 14) Study 3 (n = 15) Study 4 (n = 16)
Pen number Pen number Pen number
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Day-0a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Day-21 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Day-42  6 10 10 7 8 10 10 10 6 15 13 8 4 4 4 15 9 7 4 3 8 9 8 14
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a Day-0 is the day of experimental infection of 6 pigs per pen.
b End is day before slaughter. This may  be different for the individual pig depend
deal conditions, the pigs that were not artiﬁcially infected were
upposed to stay negative for egg excretion.
The average weight of the pigs was between 20 and 25 kg on
he day of the artiﬁcial infection (week 0 post infection (pi)). Ten
eeks pi, the outdoor runs of 4 pens were thoroughly cleaned, while
he runs of the other 4 pens remained untreated. Individual, rectal
aecal samples were collected from all pigs at weeks 0, 3, 6, and 9 pi
nd in the week before delivery to the slaughterhouse. Pigs were
elivered in batches at different dates according to their weight,
ut shortly after the 10-week period. In Study 2, egg counts were
one quantitatively by a modiﬁed McMaster method (with NaCl)
ith a sensitivity of 50 eggs per gram faeces. In Studies 3 and 4,
 qualitative ﬂotation method with NaCl was used (establishing
ggs present or not; and if present roughly scoring their numbers
s many (+++), moderate (++) or few (+)). At the slaughterhouse,
iver condemnation and the quality of the carcass were recorded
y personnel of the Food and Safety Authority of the Ministry of
griculture, Nature and Food Quality. It was surmised that all liver
ondemnations were due to A. suum infection, but the numbers of
hite spots were not counted. Quality of the carcass after slaughter
as ranked using the scores AA, A or B, where AA is top quality and
 and B are (slightly) lower quality grades.
. Results
.1. Faecal egg output
In Study 2, 46 of the 48 artiﬁcially infected pigs had patent infec-
ions after 6 weeks, and after 9 weeks all pigs were positive. In Study
, 39 of the 48 pigs were patent after 6 weeks, 47 after 9 weeks
nd all in the week before slaughter. In Study 4, only 25 of the 48
igs showed egg output after 6 weeks, 27 after 9 weeks and 27 in
he week before slaughter. In Study 1, apparently something was
rong with the administered eggs, because the infected pigs never
able 3
umber of condemned livers per pen in Studies 1–4.
Study (no. pigs per pen) Pen number (in parentheses the number of investiga
1 2 3 
1 (14) 0 (14) 0 (14) 0 (13) 
2  (14) 9 (14) 11 (14) 12 (14) 
3  (15) 10 (15) 7 (11) 10 (14) 1
4  (16) 9 (16) 1 (15) 2 (16) 15 14 14 15 15 10 8 4 4 8 9 9 15
 its weight. In each study, pigs were brought to the slaughterhouse in 5–6 batches.
became patent and during the whole study none of the other pigs
had eggs in their faeces. Therefore, not being successful this study
was rejected. In Study 2 only 3 non-infected pigs had no eggs in
their faeces before slaughter. In Study 3 the results were the same
as in Study 2: only 3 pigs without egg output. In Study 4, 38 of the 80
non-infected pigs remained negative. Table 2 gives the cumulative
number of positive pigs in each pen during Studies 2–4. Note that
there were no differences between cleaned pens and non-cleaned
pens.
3.2. Liver white spots
All liver condemnations were assumed to be due to white
spots/ﬁbrosis caused by migrating A. suum larvae. Table 3 gives the
results of the liver condemnations in all 4 studies.
3.3. Carcass score
Table 4 lists the carcass scores of pigs in all 4 studies for each
pen. To investigate whether there was a relation between car-
cass quality and liver condemnation, the results of the artiﬁcially
infected pigs in Studies 2–4 are summarized in Table 5. Statistical
analysis showed no signiﬁcant association between these parame-
ters (2-test: p = 0.18, merging A + B versus AA).
4. Discussion
Theoretically, removal of the eggs from the outdoor pen after 10
weeks should reduce A. suum transmission levels, considering that
at optimum temperatures the minimum egg embryonation time is
about 4 weeks and that it takes 6 weeks for the parasite to establish
and produce eggs in the host (prepatent period). However, in the
current study only the outdoor run was  cleaned. It is very likely
that the indoor part of the pen was  contaminated as well. This
ted livers)
4 5 6 7 8
1 (14) 0 (14) 1 (14) 0 (14) 0 (14)
8 (13) 8 (13) 7 (12) 9 (14) 12 (14)
1 (13) 10 (15) 13 (15) 12 (15) 14 (15)
3 (15) 5 (16) 3 (15) 7 (16) 4 (16)
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Table 4
Carcass quality (AA, A, B) scores of the pigs per pen in the Studies 1–4.
Study Pen 1 Pen 2 Pen 3 Pen 4 Pen 5 Pen 6 Pen 7 Pen 8
AA A B AA A B AA A B AA A B AA A B AA A B AA A B AA A B
1 0 13 1 3 8 3 0 10 3 1 13 0 0 11 3 1 11 2 1 11 2 1 11 2
2  0 13 1 0 13 1 1 11 2 1 11 1 1 12 0 2 8 2 2 11 1 0 12 2
3 8 7 0 3 10 1  5 9 1 3 12 0 4 11 0 3 11 1 6 9 0 1 12 2
4 2 11  3 1 11 3 0 13 3 0 12 4 1 14 1 1 15 0 2 14 0 3 8 5
Table 5
Relation between carcass quality (AA, A, B) and liver condemnation at slaughter of the artiﬁcially infected pigs in Studies 2–4.
Study AA A B Total
Not condemned Condemned Not condemned Condemned Not condemned Condemned Not condemned Condemned











































k3  5 12 8 21 
4 1 0 27 11
Total  6 15 49 58 
ould have been the source of the naturally infected pigs. Although
he amount of faeces was much less indoors than outdoors, par-
site eggs may  have been brought from the outdoor part into the
ndoor part via the legs of the animals. Therefore, the system of only
leaning the outdoor part may  not have been effective in reducing
. suum transmission. With the exception of Study 1, in which no
. suum eggs were detected after artiﬁcial infection, all artiﬁcially
nfected pigs in Studies 2 and 3 became patent, but in Study 4 only
5 out of the 48. The level of the egg output (data not shown) sug-
ested that most eggs were produced by A. suum established in the
mall intestine.
In Studies 1 and 2, the same batch of eggs was used and the eggs
ere administered in the same way. The only reasonable expla-
ation for the difference between Studies 1 and 2 is that at the
oment of infection in Study 1, the eggs were not yet fully infec-
ive, although they had been kept for 5 weeks at 27 ◦C [12]. In Study
, which started 3 weeks after Study 1, the eggs had had more time
o mature and become infective. No eggs were detected until 6
eeks pi in any of the pigs. This means that they were free from
. suum infection at the moment of their introduction in the pens.
owever, the fact that, particularly in Studies 2 and 3, several not
rtiﬁcially infected pigs were already patent at 9 weeks pi, can only
e explained by accepting that the pens were already contaminated
t the time of introduction. Of course, the artiﬁcially infected pigs
lso had a chance to pick up these eggs, but it is likely that the
ajority of the excreted eggs came from the artiﬁcial infection. As
entioned above, earlier studies had been carried out in the pens. In
hese studies, a suspension of 10,000 A. suum eggs was  distributed
n the pens. It is very likely that infective eggs had survived till the
tart of Study 2 and that cleaning these pens before the introduc-
ion of the pigs in Study 2 was not sufﬁcient to prevent infection. A
trong indication that previous contamination of the pens was the
ource of infection in the naturally infected pigs, at least in Study 2,
s that no pigs became infected during Study 1 where the pens had
ot been used for A. suum studies before. The ‘early’ infections in
he not artiﬁcially infected pigs in Study 3 are likely to have come
rom not removed eggs from Study 2, whereas the egg-excreting
igs of Study 3 were the source of infection in Study 4.
Differences in ambient temperatures may  explain the differ-
nces in the number of naturally exposed pigs that became infected
n Studies 2 and 3 compared with Study 4. Study 4 started on 20
eptember 2007, whereas Study 3 started in May  2007. It may  be
hat the extremely warm summer of 2007 (warmest summer since
he start of temperature registration in the Netherlands in 1706)
illed many of the eggs deposited in the period 2005–2007. In Study0 1 13 34
6 2 34 13
8 6 63 79
4, less than 50% of the naturally exposed pigs became infected and
their egg excretion levels were also lower. This may be a result of
a lower worm burden, although the correlation between A. suum
burden and faecal egg counts is sometimes poor [13]. However, it is
possible that these low counts may  have been false positives [14].
Boes et al. [14] regard eggs per gram (EPG) values <200 as possibly
false. In Study 2, the majority of the EPG’s of the non-infected pigs
were well above this level. In Studies 3 and 4, semi-quantitative
counts were used. In Study 3, the majority of the non-infected pigs
had a ‘many’ score, but in Study 4 the majority was  ‘few’. This means
that false positive scores may  have been possible.
The liver condemnation data conﬁrm the absence of infection in
Study 1. The number of condemned livers was much lower in Study
4 than in Studies 2 and 3, in which the majority of the livers were
condemned. The reason may  be that in Studies 2 and 3 reinfection
took place after 10 weeks (i.e., shortly before slaughter) and this
might have been the cause of severe liver damage [15,16].
From the present studies it is also clear that there was no
correlation between carcass quality and liver condemnation. It is
remarkable that in Study 3, 12 carcasses with classiﬁcation AA were
from pigs with condemned livers, whereas of all pigs in Study 4,
with much lower worm infections, only one was  classiﬁed as AA.
This throws some doubt on the classiﬁcation system. It may  be that
different persons scored differently.
Cleaning the outdoor run only is probably not able to prevent
A. suum infections. Proper hygiene and management may  prevent
dangerous infection levels, but for an acceptable parasite control
on farms with a high parasite pressure, cleaning may  have to be
integrated with strategic use of anthelmintics [8,17].
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